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INTRODUCTION

Since the State of California Department of Highway Patrol (CHP)

first commenced enforcing vehicle weight laws, the primary method
of detecting overweight vehicles has been to stop and weigh them

on platform scales. The current method used is as follows:

The truck is directed from the freeway by a manually operated or
electronic changeable message sign to a weigh station on a special
off-ramp. The vehicle is directed to come to a complete stop,

then proceed across a 10 ft by 12 ft (3.05'm x 3.66 m) platform
scale at a maximum speed of 3 mph (4.38 kmh). The CHP weighmaster
then reads the individual axle weights as the vehicle proceeds
across the scales. He records the weights, rounded to the nearest
100 1bs (45.4 kq), on an adding machine to obtain the gross vehicle
weight.. If the truck exceeds a predetermined weight, based on
diétance between first and last axle, a citation is issued by

a CHP officer and the overload must be corrected before the truck
is allowed to continue. Citatjons are also issued if an individual
axle exceeds 20,000 1bs (9072 kg),‘if a group of axies exceeds
predetermfned weights based on the distance between the axles or

if the gross weight exceeds a predetermined weight based on the
wheelhase length of the vehicle.

The above procedure is time consuming causing queues of trucks
to back up into the freeway lanes. This is a safety hazard to
truckers and motorists alike. 1In addition if a violation is
suspected, the truck driver must circle around the scales and
come in again for a "stop-weight" check of the violating axle
or axles. This “stop-weight" procedure is even more time con-
suming, causing a more Severe safety hazard.

To reduce. the safety hazard, the message on the directive signs
have generally been changed to direct only loaded trucks to come
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.wfd thé’Sca]éél This allows some relief to the scales, but also

~allows loaded trucks the opportunity to slip by. At times the
sign must be changed to indicate the scales are closed to allow
“the queue of trucks to be reduced to a safe number for the allow-
able ‘Tane storage available. This temporarily allows all trucks
to go by the scales without either being weighed or v1sua11y

- observed for safety violation of the vehicles,

In an effortito imprové efficiency of vehicle weight enforcement
-as well as safety and efficiency of highway operation, and to
minimize delay and irnconvenience to the trucking industry the
California Transportation Laboratory in cooperation with the
Federal Highway Administration, designed and placed into operation
an experimental "hHigh-speed" truck screening operation. This
tnstallation which was located on westbound Interstate 80 at the
Cordelia weighing facility, about 45 miles (72.4 km) west of
- Sacramento, utilized strain agage load cell weighing bridges in
a system capable of we1gh1ng trucks at speeds up to 35 mph
(56 3 kmh) "rgs-x Lo : "
As‘the trucks passed over“théﬁhiéh-spEed'§ca1es, the axle weight,
axle spacing, speed and gross weight were determined. The weight,
and axle spacing were compared with the California load laws to
determine if the vehicle is a possible violator. Suspected
violators were directed to the platform scales to be weighted
statically. Other trucks were directed to a "bypass" lane next
to the scale Tane where they were obhserved to determine if their
safety inspection sticker was current br if they had some ohbvious
safety hazard. If they were observed to have an outdated inspec-
tion sticker or a safety hazard existed, they could be stopped
by a signal 1ight and directed by a Toud speaker system to drive
into an inspection area to be further examined. However, if the
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sticker was current and there were no obvious safety deficiencies,
they were allowed to proceed in the by pass lane without stopping

~and fto return to’ the: freeway wwth a m1n1mum of 1ost time.

r E L . L

N T

CONCLUSTONS AND RECOMMENDATIONS

1. The practicality of- welghing-in-motion on a day- to -day
operational basis has been proven. At our particular site,

there are geometric problems to be overcome. The weighmaster

could not always see the vehicle which was being defected as a
possible violator, as the weighmaster is located 800 feet (243.8 m)
downstream from the high speed scales location. A closed cir-

cuit television (CCTV) installation could be used to solve this
problem,

2. Typical results show an error in gross vehicle we1ghts
approximately two to three pPercent of the static weight obta1ned
at the platform scales with some gross weight errors exceed1ng

ten percent., 1Individual axle weights observed varied as much as
forty percent of the static weight as measured at the platform
scales. This was probably due to the roughness of the pavement
Teading to the scales and immediately surrounding the scales.

This could have been improved by further grinding of the PCC
pavement and possibly applying an epoxy overlay. The extremely
large axle weight errors did not always contribute to large gross _
weight errors, apparently due to the purposely designed nonuniform
scale spacing and to the sampling method included in the computer
program which uses the least deviation from the mean of four
successive samples to determine the force a wheel exerts on a
scale. This force is then averaged over all six scales.

3. Additional work will be required to improve the reliability
of some of the electronic equipment, In the early stages of our
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”ﬁﬁ}eject the hfdhlspeed scanner (multipiexer) - analog-to-digital
converter was a continual prob1em.h We .eventually re-designed
- some of the circuitry and 1mproved on its operation. More re-
‘Tiable equipment is now on the market and ,this should be used
in any future 1nsta11at1ons ’

4, It is recommended that further developmental work be done
to provide mdce reliable operational weighing transducers. The
gstra1n -qage 1oad ce11 weighbridges installed at Cordelia proved
to be 1ess than sat1sfactory He suffered a failure rate of
iover f1fty percent in the transducer itself. Continual efforts
" to ma1nta1n the load plates level with the pavement to eliminate
rock1nq" or “hammer1ng" on the Toad cell were unsuccessful. Our
_mach1ne shop made several modifications in an effort to minimize
'Tthe_excess1ve maintenance work required. Some success was achieved
B&lh111{nq out the surrounding metal and adding a locknut to
‘.reduce movement of the 1eve11na screw. A modified 3-point load
fp1ate is now ava11ab]e from the manufacturer (1) which, it is
_ c1a1med, u111 eliminate the 1eve11ng or "rocking" and "hammering"
Jiprob]em.

LReceﬁ%'Tﬁteﬁature has shown a scale with the load cell in tension
“Which the manufacturers (2) claim eliminates the problems encoun-
tered in our 1nsta11at1on at Cordelia. These newer scales should
gbe exam1ned for app11cab111ty to high speed weighing,.

TG
Sy

'”In revuew, we recommend a cont1nuat1on of the effort to bring
the system concept proven at Cordelia to full operational status.

“The ant1c1pated add1t1ona1 work necessary to accomplish this is
detailed in the "Further Recommended Development" statement,

o
PSR

TI7 Rainhart o, Austin Texas Model 881/882.

*(2) "The Development of An Automatic Highway Scale," A. Bergan;
: G. Dyck; presented to the Canadian Technical Asphalt Association,
Toronto, Ontario, November 1975,
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5. We find in evaluating our data and comparing this data with
the results obtained from other organizations involved in high
speed weighing that our data compares favorably with the results
obtained in the United States and Canada.l In general it appears
that dynamic systems developed and in use by others are utilized
for devé1oping loading history rather than for law enforcement.

FURTHER RECOMMENDED DEVELOPHENT

It is recommended that existing equipment and facilities at the
Cordelia site be used to test and evaluate new developments in
weighing transducers. Our intermittent operation of this experi-
mental system over a 2-year period indicates that the following
modifications should improve the reliability and.overcohe many
of the present operational difficulties; and ultimately should
result in a practical system that can be used as a standard in
weighing stations. '

Geometric and Design Improvements

The first étép.to possibly improve the data obtained would be

to improve the approach to the scale area by grinding and/or
3 .

resurfacing to reduce the roughness of the present pavement.

Currently, it is possible for the truck to miss one or more of
the scales in the lane. Although this may cause the system

to abort that run and d1rect the truck to the scales, it can
occas10na11y cause a number of 1nterna1 system difficulties,.

To overcome this- d1ff1cu1ty, it is recommended that quardra11
or 3-inch (76 2 mm) p1pe ra111ng extending over the ogutside
edge of the scales be 1nsta11ed to quide the trucks through
the\]ane


http://www.fastio.com/

ClihPDF -

e oterhe1qht 1nd1cators are present]y located between the
1ast pa1r of scales and the d1rect1ona1 signals. These indica-
tors shou]d be moved to a location within the scale area -

_ preferably spann1nq the 1ast pajr of sca]es. At this Tocation,
: pos1t1ve 1dent1f1cat1on of an overhe1ght truck could be made by
. the system '

In order to eliminate a major source of confusion to the drivers,

“either the d1rect1ona1 signals should be moved closer to the
. scales or a proqrammed signal delay, based on truck speed, should
“het 1ncorporated 1nto the system. At the present time, the direc-
" tional s1qna1s are set 1mmed1ate1y after the truck leaves the
‘5sca1es If the triucks are in a queue, the directional signal
5] set for a truck poss1b]y two or three vehicles behind the one
'h-ﬁﬂv1ew1ng the saqna1

~vacuum tube units,

;35+dw5%e?chaﬁges*

A closed circuit television (CCTV) system should be installed

“to assist the weighmaster in determining which vehicle was in

Violation. If a queue of five or six vehicles is waiting to
be" we1qhed stat1ca11y, the view to the dynamic scales is blocked

" and the we1qhmaster cannot 1dent1fy the violator,

The overhe1qht 1nd1cators have ceased to function and are no

: 1onqer in use. The’ est1mated cost to repair them is at least

$600 each (31, 200 tota]) More reliable solid state units are
now available and shou1d be purchased to rep]ace the present

s %

- Wope
Tt ;

*It s 1moerat1ve that ‘some positive means be 1ncorporated to

determine the’ presence or ahsence of a veh1c1e in the scale

~Tane. This could be accomplished by the installation of either
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a series of magnetometefs ®Téceaxﬁoﬁﬁ the tenter of the scale
lane at 6-10 feet (1.8-3.1 m) centers or installation of photo-
cells directed diagonally across the scale lane.

It is recommended that the most promising newly developed
dynamic weighing scales be evaluated for potential solution
of operational problems which were experienced in the proto-
type system.

Our search for new equipment would place great emphasis on a
scale or scales with maximum resistance to wear, vertical move-
ment, or malfunction due to impact loading. This requirement

is necessary as any change in elevation between the pavement

and the truck scales magnifies impact to the truck tires and
suspension system which increases error and variations in
readings. New dynamic scale transducer designs may be developed
from combining good features of other systems.

Program Modifications

The present computer program (implemented in 1975) does not
include the recent statuatory changes to the allowable loads
which became effective in 1976. A new algorithm to agree with
the revised definitions (shown in Figure 3 of this report) must
be developed,

Program modifications to incorporate the geometric and hardware
changes recommended above should significantly increase system
reliability. '

Additional Parameter

In additon to weight, axle spacing and height information, other
parameters -could be measured and recorded at a dynamic weighing
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“’ﬁiﬁfh'méigﬁremEnt'ébuTﬂibe’dbta§;Ed and violations indicated.
Width is a much more difficult measurement to make than height but
vertical photocell arrays have been designed to accompiish this.
Automatic vehicle identification is another input which could be
used to determine origin and destination or to determine the ex-
piration of safety inspection. Current methods to identify vehicles
include a passive microwave label developed by Fairchild Corp.

and used by the U.S. Army and the muiti-color optical I.D. System

used by the railroad industry.

&

site.

da

DYNAMIC WEIGHTING TEST
CONFIGURATION AND OPERATION

This dynamic weighing project was conducted at the Cordelia Heigh
Station, operated by the California Highway Patrol, on Interstate

Highway 80 about 45 miles (72.4 km) west of Sacramento and 48

miles (77.2 km) east of San Francisco, Calif. as shown in Figure

1. The plan view of the site is shown in Figure 2. This weigh
station, as most of the larger stations in California, includes

weighing .and observing trucks to determine those that are over-

- weight, overwidth, or -overheight and inspection to determine

vehicular safety equipment deficiencies. The operation of the
scales is discussed in the introduction of this report. The
purpose of this study was to place dynamic weight measuring
equipment in the approach to the static scales in order to

screen out the .obvious weight violators from the obvious non-
violators and allow the non-violators to proceed without delay

on a bypass lane. 'This would result in less delay to the trucker,
shorter queues, and lower workload on the weigh-master at the

- scales,

As shown in Figure 2, the trucks would be directed to the off-ramp
leading to the scales by_h changeable message sign. Although the
data acquisition equipment would be able to obtain wheel weiahts

LN e
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at truck speeds approaching 35 mph (56 Km/h), the off-ramp is
posted for a 10 mph {16 Km/h) speed 1imit. This lower speed
across the dynamic scales allows a greater number of wheel load
samples to be obtained and also allows the trucker sufficient time
to correctly interpret.the directional signals to the bypass Tane
or to the static scales.

Immediately, in]front ofuthe dynamic scales is-an inductive loop
vehicle detector .to alert:the data acquisition.equipment of the
approaching vehicle. As the vehicle traverses the weighing area,
each dynamic scale is sémp]ed at the rate of 200 readings/second.
This is equivalent to approximately 14 valid samples/tire/scale
assuming a 10 mph (16 Km/h) speed and a tire print of 1 foot (C.3 m).
0f the samples obtained from each dynamic scale for a given wheel,
the mean of those 4 consecutive samples having the least sum of
absolute deviations from its mean is used as the wheel weight
obtained for that scale. The axle weight is determined by summing
the wheel weights obtained on each scale and dividing by the
number of scale pairs (in this case n=6) in the system. The

speed of the vehicle is determined from the amount of time the
Tirst axle takes to traverse the last two scale pairs. The axle
spacing is then determined from the time-space relationship of
subsequent axles.

With the axle spacing and weight information the computer then
proceeds to calculate the combined weight of axle groups and the
gross weiéht of the vehicle. This information is compared with
the vehicle code shown in Figure 3. 1If a violation is detected,
the computer changes the directional signal to route the truck
to the static scales by displaying a red light on the bypass
lane and a green arrow pointing to the static scales. At the
static scale house detailed information is stored on digital
magnetic tape for future computer analysis. Summary information
can be printed on a teletype.
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-:In addition ﬁo“té]étype printdufs'of all potential vio1ators; or

optionally all truck data, the weighmaster is notified of the
potential violation through a control box mounted hy the scale
console. The*COnfro1‘box allows him to manually control the
directiona] indicator or to put them under computer control.
It also indicates to him by an audible tone that a violation
has occurred and by Tights what the class viclation was, e.q.
gross, axle or group of-axlés.® For more detail of the exact
weights and whichtaxle, “the-wéighmaster may refer to the

_teletypeVprintdut; '

EQUIPMENT -

The equipment’scheme used in this dynamic weighing project is
shown in tﬁe block diagvram in Fiqure 4. 1In order of data flow
this figure shows the wheel Toad transducers, the high speed
multiplexer, the ﬁinicomputer,'the directional signals, the
weighmasters indicator and control box, the display board, the
digital magnetic tape unft,'ahd the teletype printer.

Wheel Load Transducer

The wheel Tload transducer assembly is shown in Figure 5. It
consists of a transducer frame which is placed on bearing pads
grouted into a scale pit approximately 3-1/4 dinches (82.6 mm)
deep, The scale frame supports the electronic Toad cell chassis.
The chassis contains eight active and eight temperature compensat-
ing strain gage load cells which are wired together in the con-
figuration of a wheatstone bridge as shown in Figure 6. The
vehicle ‘1oad is transmitted to these l1oad cells through three

one inch Tnad plates which are placed upon the top of the load
cell chassis. A1l of the electrical connections on the electronic

10
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load cell chassis and to the outside road are made through sealed
copper tubing which is pressurized with nitrogen das which pre-
cludes the intrusion of moisture into the electronic system.

The 1oad celis in their wheatstone bridge configuration are
excited with a DC power supply of approximately 30 volts, this
voltage is adjustable in order to calibrate the individual
scales. "The output of the scales is approximately 10 millivolts
for a‘fu11'10ad;input of 10~kips.' The-outpht'of the scale
platform is amplified by a DC amplifier and wired to the input
of the mu1tip]exer/éna]ogito-d{ght§1 converter.

Multipiexer/Analog-to-Digital Converter

The output signals from the load cells are connected to the
twelve inputs of the multiplexer/analog digital converter.
This device subsequently scans the transducers at a rate of
approximately 10,000 samples per second, amplifies the signal
to an acceptable Tevel, then converts the magnitude of the
analog signal to a corresponding digital code acceptable for
transfer to the computer.

Digital Computer

The digital computer used in this system performs four basic
functions; collection and reduction of the data presented Trom
the load cells to determine the equivalent static weight of each
axle on a vehicle, comparison of these weights with the vehicle
code to determine violations, controlling the traffic signals
for the vehicle, and providing information to the weighmaster
through the control box lights and/or teletype.

11
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Directional Signals

Two 2-faced directional signals are placed over the bypass lane
and the static scale lane. These signals display either a con-
bination of a”Qreen arrow to the bypass lane and a red ball to the
static scales or a green arrow to the static scales and a red ball
to the bypass Tane. Thagefditectional signals can be operated
under computer CQHﬁFb1EOrimanUa1Tf'by'the weighmaster.

Weighmaster Control Box andiﬁﬁspﬂay Panell .*

A control box is placed near the weighmasters static scale con-
sole which allows him to control the directional indicators
manually or under computer control. This box also contains

- lights to indicate the type of violation of the truck entering
the static scale area. These lights indicate gross violations,
axle wviolations, combination of axle violations, or an abort.
An abort indication is signaled to the weighmaster when for
some -reason the computer is unable to determine the actual
weight'of the vehicle. This situation can occur when the
trucker has changed speed drastically through the scale plat-
form area or has driven in the shoulder area where proper weight
determination cannot be made. In these cases, the truck will
always be weighed,

Digital Magnetic Tape and Teletype Printer

A digital magnetic tape unit is provided to permanently record
all dynamic weights from the digital computer. These weight
records contain the truck number, the time of day, and each
individual wheel weight determination. This information can
also be printed on the teletype printer in a format shown in
Figure 7. This teletype printer output can be of assistance
to the weighmaster to determine the actual type of violation
which has occurred.

12
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CONTROL & EVALUATION SOFTWARE

The computer pfogram for this project was written in assembly
language and uses the direct memory access option for output
operations to the (teletype) printer and the 9-track digitaT
magnetic tapé recorder. Simplified fiow charts for the data
acquisition section and the data reduction section are attached.
Other sections not shown include the site initialization routine,
‘the daily startep routine and the diagnostic routines which
provide a histogram of multiplexer readings and continuous

output of readings from a selected mu1t1p1exer channel.

In: descr1b1ng the operat1ons of the data acqu1s1t1on and re-
duction sections of this proqram, it is necessary to describe
certain attributes of the system and nomenclature:

There are an even nhmber, N, of dynamic scales and
associated multiplexer channels. A1l even nﬁmbered
scales are used to read the loads on one end of each
axle and all odd numbered scales are used to read
the l1oads on the opposite end of each axle.

For each scale, there is a value, ZER(1), consisting
of the sum of a constant representing the cutoff value
below which multipliexer readings are disregarded and

a variable representing the most current multiplexer
reading at no_]oad.

Hhen the scale is loaded, the multiplexer value is driven negative
proportionally to the applied weight. To determine whether to use
this value in esfimating the applied load, ZER(I) is added to the
value. If the resultant is negative, this value becomes MUX(I)
during subsequent operations. {(The true weight facter is found

13
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by adding the ZER(I) to the absolute value of MUX(I).) If the
resultant is positive, the number of immediately prior consecu-
tive negative values for that scale is placed in MUX({I).

wheh'a‘truck abproaéhes the scales, it is assigned one of eight
truck information-storage buffers, TISB, which is used to store
_data for the first 9 axles on that truck. This data includes
‘the truck number, time of day, data for each axle from each scale,
t1m1ng data to determ1ne axle spacing and speed and violation or
abort information. This information is then stored on 9-track
magnetic tapé‘For later analysis and evaluation.

o st
[ '

- T A T S P U oL
For each sca]e,*pﬁ“fﬁpre\is_a‘scale buffer containing the
following: ' _ ' '
V(1,1) Through (V(I,4) = the latest four MUX(I) obtained
in the current weighing cycle.

PNTR(I) = A pointer to the earliest V(i,j) obtained
(to be rep]aced‘by the'next MUX(I) in current cycle)

SUM(I) = The current sum of (V(I,7) through V(I,4).

LAD(I) The 1owest sum of absolute deviations of V(i,])
from the mean , SUM(I), found in the current cycle.

ADDR{I) = An address in TISB for storage of the mean
~having a minimum value of LAD(I).

MAFLG(I)-= First axle indicator and axle counter.

SCNTS(I)'=.Number of consecutive negative MUX(I) obtained.

14
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Progfam Operation

Operations occur in two distinct areas or program sections.
Primarily, the program operates in the data reduction and output
section, EXEC, to be described later. Every 5 milliseconds,
current operations are suspended or interrupted and control is
given to the data acquisition and evaluation section.

Data Acquisition and Evaluation

STEP .1 - Data Acquisition

“&K mu]tjp1exerxreading is obtained for:each scale at 100 psec.
‘1ihterva]sf' _ E T PR

a. If no-truck‘ié'in;thé scale area the readings ohtained
are used to update each modified scale zero value, ZER(I).

io to step 3.

b. If a truck is in the scale area, MUX(I)} = multipiexer
value + ZER(I) is calculated.

1. . If MUX(I) is positive (indicating an invalid
reading), the value in SCNTS(I) is placed in MUX{I).
SCNTS{I) and V(I,1) to V(I,4) are set to zero.

2. If MUX(I) is negative, both SUM{I) and PNTR{I)
are updated.

15.
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i

STEP 2 - Data Evaluation - for each MUX(I)

al

If'MUX(I) is less than zero, increment SCNTS (I) and

replace V(I,PNTR(I) with MUX(I)} if SCNTS({I) is greater than 3.

b.

cC.

1. Calcualte the sum of absolute deviations fraom

SUM(I)/4 for the V{i,j).

2. If the resultant is less than LAD(I), store
resultant in LAD(I) and store SUM{I)/4 in TISB at
ADDR(I). '

If MUX(I) =20, no action.

Pl ?r E

CIf MUX(I) is greater than' @, initialize the scale

vector for the next wheel.’

ClibPD
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1. If scale (N) or (N-2), store time interval in
TISB for determination of axle spacing.

2. If scale {N) or (N-1)}, check for abnormal operation
and set proper flag in TISB as axle Jleaves that scale.

3. If not scale (N) or scale (N-1) and first axle

is leaving, initialize ADDR(I) and AFLG{I) for the
next scale in series. (Scale I+2)

16
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STEP 3 - lpdate Truck Counters

a. If manual resét is on and all output operations are
complete, set 'on' and 'off" truck counts equa] to the
'output' truck count. Then go to step 4.

b, If the 'off" loop detecter has changed from 'on'
state to 'off' state, increment 'off' truck count.

c. If the 'on' loop detector has changed from ‘off'
state to 'on' state:

1. Increment 'on' truck count.
2. Assign, in order, one of eight TISB's ‘to the
oncoming truck. Store truck number and time of day

in the assigned TISB.

3. Store proper TISB addresses in ADDR(1)} and
ADDR(2}, initialize AFLG(1) and AFLG(2).

STEP 4 -~ Update Time of Day
STEP 5 - Return to Suspended Operation

- Data Reduction .and Qutput

Program 'EXEC' is primarily used to direct control to the data
reduction routine when data for each truck axle is complete

and to initiate output operations to the printer and/or 9-track
magnetic tape at the proper time. While cycling, it also
checks the overheight 1nd1cators and a manually set end of day
indicator,

17
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d1cated on the attached flow chart (Figure 9}, printed output
occurs each time the data for an axle has been reduced. After
data for the last axle has been pr1nted and TISB for that truck

e

is written onto magnet1c tape and then the gross weight, distance
from first to last axle and any violations or abort indications
are printed. 'EXEC' cycles through this sequence until directed
to the end of-day routine which, after a clean-up procedure,

halts all operations.

io.com
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TECHNICAL DISCUSSION

The high speed scale layout is Jocated approximately 800 ft
(243.8 m) upstream from a 10 ft by 12 £t (3.05 m by 3.66 m)
platform scale, static weighing.sfation at Cordelia in a spe-
cially modified off—ramﬁ from the freeway. The portland cement
concrete paved lane containing_the weigh-in-motion scales is
built to State of California Standard Specifications except with
the addition of No. 6 reinforcing bars longitudinally at 6 in.
{152.4 mm) centers located at depth of 5 ins.. (127 mm) and No. 4
bars transversely at 18 in. (4.57 m) centers. The bars extend
to within 1 1/2 ins. (38.1 mm) of the joints. Reinforcement was
added to minimize variations in pavement profile due to thermal
and moisture variations and thereby to minimize dynamic effects
on wheel and axle loads as they pass across the weigh-in-motion
scales. A parallel or by-pass lane is provided to allow mainte-
nance of the scales. Maximum truck volume is approximately
2,100 vehicles per day in August decreasing to 1,100 vehicles
per day in DNecember.

The scales are located with an increasing longitudinal distance
between units as shown in Figure 8. This spacing was designed
to minimize the probability that the vibration frequency (or some

‘harmonic) of the truck suspension or tires would correspond to

the distance between transducers at some responsive speed. The
spacing between the first and last transducer assembly layout is
approximately 44 ft (13.4 m).

The scale frames, which are still in place, are installed in a
high strength epoxy adhesive to preclude their working loose.
The electronic strain gage, load cell scales, manufactured by
Rainhart Company'of Austin, Texas, are approximately 22 ins.

19
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by 49 ins. (.56 m by 1.24'm). ‘The scales were installed in

pairs so that the wheels on opposite ends of an axle were
weighed individﬂa11y,'b0t at the same time. There were six
pa1rs of scales in the’ 1nsta11at1on, with provision for a
seventh pair. ' Dry nitrogen was supplied directly to each
electronic chassis from a manifold with individual pressure
requlators for e&%HfthdssisZ'TThe'nitrbgen tank was replaced

wWith a full fdthabbuE”once’a month during the system operation.

N Fe ow i S
ot S F g

The Efut§.Séﬁéénﬁh§}pFoject was in ‘operation intermittently

- between November of 1974 and early 1977. A statistical experi-

mént”ﬁas‘des?ghéd and performed in May of 1975 with a loaded
five axle track. Unfortunately a scale failed during the test
and the results were not meaningful. Six of the scales had
failed during the period between Hovember 1974 and June 1975.
These' weré returned to the manufacturer for repair (as they
failed) and were re-instailed upon their return from the
manufacturer; -

~In August bf 1975, (due to administrative action outside the

control-of-the project) the operation was shut down and all the
e1ectronic_§éar moved from the office trailer near the dynamic

‘scales into the weighmaster's scale house. This involved digging

trenches, placing the signal power and loop detector wiring
inside schedule 80 PVYC pipe and burying them 18" below grade in
a sand bed. This move added an additional 600 feet of wire in
the signal circuits with the attendant shielding and noise
problems. We were not able to return to operation until the
end of December 1975

During early 1976 we worked at resolving the various problems
we had faced before. Different methods were tested to reduce
the hammérinq and rocking of the load plates. Our machine

20
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shop put in many hours working on the various ideas put forth

in the hopes of eliminating the problem. Improvements were made
but these actions did not solve the problem that we feel is due
to the basic load plate asseﬁbly design.

In March of 1976 we began a series of tests to.determine the
overall system reliability and accuracy. The scales and system
were recalibrated by the local (Solano County) Weights and
Measures Authority. During this testing period we experienced
computey program problems as we could not cor?elate the magnetic
tape truck number and data with the paper tape (Teletype) truck
number and data. As we had developed several computer programs
to analyze the magnetic tape data, we were forced to halt the
tests until we could resolve the truck count error problem. A
partial solution was reached whereby we could reset the truck
number to keep the program running correct1y.

A new series of tests were run durqnq June of 1976 wh1ch we feel
proved feas1b111ty of the system concept . The data from those

tests with our ana]ys1s is shown in the Append1x.

Loop Detectors

Two loops are used in the pavemeht, with their associated loop
amplifiers, to determine if there is a truck in the scale area.
One Toop is 6 ft (1.83 m) upstream from the first pair of scales;
the second loop is 6 ft (1.83 m) after the last pair of scales.
The trucks are counted in and out by the computer program.

Height Indicators

Two standard photo-e]ectric height indicators are located
approximately 22 ft (6.7 m) after the last pair of scales.
One indicator is 13.5 ft (4.1 m); the other is 14.0 ft (4.27 m)

21
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“above' ground in accordance with the State. of California Vehicle

Code. An audible alarm alerts the weighmaster at the static
scale when a vehicle exceeds either height Timit. As mentioned
before this system failed but can be easily upgraded to a
reliable system through the use of off-the-shelf equipment at

a nominal cost :

Electronic Equipment

‘The data acquisition and cohtro] system used to obtain wheel

weight, axle'spacing and ébéed consists 6f the following units:

1. 12 Strain Gage Power Supplies.

2. Multiplexer/Analog to Digita1'conve?ter.

R

3. ¢f16 Bit M1n1computer w1th 4K of Core Memory, Real Time Clock,
' fﬂD1rect Memory Access, and 32 BTtS ‘of Digital Input/Nutput.

4, Tetetype.

5. 9-Tfack, 800 bpi. DNDigital Magnetic Tape Recorder.

6. Violation Indication Display.

WAV Y f{i

Overall Description of Truck Screening Installation

Twelve separate strain gage power supplies furnish power to the
electronic scale chassis. This allows each scale to be calibrated
very easily. The force exerted by the tire on the transducer
assembly produces an output éigna] voltage proportional to that
force with each 10,000 1bs (4,536 kg) increment of force producing
a ten millivolt Signﬁf. The excitation voltage and the output

22
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signal voltage are brought to each transducer in 0.5 in. (1.27 cm)
diameter copper tubing which also supplies a protective envelope
of dry nitrogen gas at a slight positive preséure of 2 psi

(1,408 kQS/mZ). The nitrogen gas is used to impede moisture .
from entering the strain gage ioad cells.

The output signal voltage (proportiqnaT to the vertical force)
is connected to the Multiplexer/Analog to Digital converter.
This device sequentially scans the transducers at a rate of
13,900 samples per second, amplifies the signal to an acceptable
level, then converts the magnitude of the D.C. signal to a -
corresponding binary code acceptable for transfer to the
computer.

In the computer the vertical forces exerted by the wheel on the
transducer assembly are averaged over the four successive samples
above a pre-selected cutoff value which have the least deviation
from their mean. This average force is then added to the average
force obtained for the wheel on the other five scales as that
wheel goes over each scale. This sum is then divided by six to
obtain an overall average weight for that wheel. This average
force is added to the average force obtained for the wheetl on

the other end of the axle to obtain an average axle weight.

This process is repeated for each axle of the vehicle as it
crosses each of the six pairs of transducers.

The computer program, written in Assembly language, is contained
in 3,500 words of the available 4,096 words.

During the time the truck is being dynamically weighed, the space
between axles is also determined to the nearest 1 ft (.305 m).
Knowing the axle weight and spacing, the truck can then be compared

“with the 1dadf1&WS‘as set forth in 'the Vehicle Code. If a viola-
- tion is detected, the system prints the type of violation on the

23
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fgfetyﬁe énd;BfLﬁé§hs'of”oﬁérhead signals, directs the truck to
the piatform éga1es to be re-weighed "statically" by the weigh-
master. If‘fhé‘trddk'is determined to he in violation of the
load laws, the driver is cited and must correct the violation
before he can move the vehicle from the weighing station.
VehicTe speed is also ‘calculated and if a change in speed of
more than 25% {s detected, an "abort" situation is declared.
The vehicle is”then directed to the platform scales to be
weighed) B

"I the vehiclé is not in violation and does not "abort", it is
directed by means of the overhead signals to a by-pass or "hot"
Tane to allow it to return to the freeway without being stopped
fét*fﬁe”ﬁ]atformfscaTES. ‘

Violations are indicated 'to the weighmaster by a small display
“mounted in"front of him. The weighmaster has control of the
‘overhead signais and can direct all vehicles teo come to the
pTdffdﬁm scale’'if he'so wishes. This is to aliow the weigh-
'master'to‘détéﬁmine if the truck needs a mechanical inspection,
or to see if it has some obvious safety deficiency.

,e

ClihPDE - wwvw fastio.com


http://www.fastio.com/

ClibhPDF -

ANALYSIS OF DATA

Conclusions

1. The use of a dynamic weighing system as described in this
report can be used effectively in reducing the number of vehicles
that need to be'weighed on static scales to determine compliance
with vehicle code requirements. Based on a "typical" day where
2148 vehicles entered the scale area, approximately 20% would be
directed to the static scales as 'possible violation' and approxi-
mately 6% would be 'aborted'. Some of these ‘aborted' vehicles
were 1ight-duty vehicles and would not be weighed.

2. S1gn1f1cant d1fferences were obta1ned in the precision of
weighing between scale pa1r comb1nat1ons . Because of the method
used in collecting data for analysis, the reason for these
differences, {(distance betwgen sca]g.pajrs, scale characteristics
or other factors) could not be determined. Using thé present
dynamic scales, it is felt that adequate screening of vehicies
can be accomplished using the 4 scale pair combination listed

in the following table.

Based on least-square linear regression analyses and using a
99% confidence level, the following table 1ists those scale
combinations found to be most effective in determining axle
Toads:

No., of Scale Pair % Variance of Actual Load (.99 CL)

Scale Pairs - Nos. Single Axles Tandem Axles*
6 A1 15.3 8.2
5 2,3,4,5&6 15.2 8.0
4**x . 2,3,4%6 16.1 8.0
3 2,446 17.4 8.6 .
2 - 2&6 19.8 9.2

*Based on 34-Kip axle 10ad1nq.
**Recommended scale-pair combination.

25

www . fastio.com


http://www.fastio.com/

ClihPDF - v

3. It is_imperative that means be taken to insure that the
full wheel load is impressed on each dynamic scale as the

vehicle traverses the scale area. Allowing one wheel to come
only in partial contact with the dynamic scale not only could
allow an overweight vehicle to bypass the static scales, but

also has caused errors in minicomputer data storage routines.

‘Data Collection =

To determine %he-abturacy of axle weights obtained using the

dynamic scales, 'stop weights' were obtained on each single
axle and pair of tandem axles on 162 trucks selected at random
from those statieaT]y weighed on March 25 and June 15, 1976.
These 'stop weights' were obta1ned by having the truck move over
thé%b?ﬁffokm scales untii a’single axle or pair of tandem axles
was isolated ‘i ‘on the weighing p]atform. The driver was then
requested to release the veh1c1e g brakes to re]1eve piatform
friction ‘and the we1ght was recorded to the nearest 100 pounds
(45.4 kg). This 'stop we1ght' ‘data was then used with the
dynamic scale datd obtained for that truck in these analyses,
In this manner, data for 435 single axles and 175 tandem axles
was collected over the two days.

Data Preparation

vwvrfastio.con R

Because stop weights were not obtained on individual axles of tan-
dem axle groups (less than 5 feet (1.52 m) between axles), the
dynam1c scale data for the two axles were combined for comparison
with the stat1c weights. The data was then screened to eliminate
those outliers which could be identified as either geometric

"design deficiencies and/or operational problems. The remaining

data was ‘separated into two groups; one containing data on 429
single axles and the other containing data on 171 tandem axles.
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Analysis of Data = ' |
Step 1 The first step of analysis consisted of performing
least-squares regression analyses using the mean of all

dynamic scale-~pair readings as the response variable and the
residual of dynamic minus static scale readings as the dependent
variable for each group as shown in Figure A1 for the single
axle qroup and Figquyre A2 for the tandem axle group. Inspection
of these results indicated that, although this analysis was
adequate for the tandem axle aroup, the variances for the

single axle group appeared to bhe proportional to the dynamic
scale reading. Dividing the residual by the static weight

and using this result as the dependent variable for the single
axle group provided.the regression shown in Figure A3 Although
this may have caused slight overcompensation for the variances,
it was considered suitable for this analysis.

This step in the analyses resulted in determining the f011bw1ng
ageneralized equations to be used in subsequent steps:

For single axle determinations:
(D-S)/S = BP+B1*D

For tandem axle determinations:
D-S = B@+B1*D

Where 8@ = Intercept value
BT = Slope
D = Wejght from dynamic scale-pairs

H

S Static stop weight.

Step 2 This step consisted of performing regression analyses
on each combination of dynamic scale-pairs using from 2 to 6
pairs of dynamic scales. In addition to obtaining regression

27
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coeffi@fe;££zaﬁd G%Hé} pgrgmet fs rthTred for further analysis,
‘critical values' were calculated for designated significance
levels in each analysis. The 'critical value' for a designated
significance level is that dynamic scale value having the
significance level probability of 20 Kip single {or 34 Kip tandem)
static weight. This-critical value is the dynamic scale value
above which vehicles should be directed to the static weighing
scatles,

Following the tahle of critical values are tables showing the
actual number of axles above and helow vehicle code require-
ments, the number of axles which would 'pass' or must 'stop’

er static weighing and the 'calculated' or normal curve
probabi]ities‘for these occurrances. In ali of these analyses,
the‘calcu1ated violations weﬁe higher than the actual violations
for both single and tandem axles indicating the degree of non-
conformity to a normal probability distribution resulting from
previous assumptions made in this analysis and departure from
normally distributed axle weights in the data. These differences
were minimal for the recommended scale-pair combinations.

Step 3 This stop consisted of a 'dummy run' of the 162 vehicles
for which 'stbp weight' data was collected including those vehicles
where data contained outliers which were not used in steps 1 and

2. Using the regression parameters obtained in step 2, tahles of
actual and calculated operational values were calculated for each
of 5 significance levels. Only single axle and tandem axle viola-
tions were considered in this Step and in Step 4.

73teg_4"This step consisted of simulating the results from a

'typi;a1' day. Based on the data stored on magnetic tape by
the system on June 15, 1976 and using various dynamic scale-

pairs, the same procedure as was used in step 3 was used to

develop information concerning the effectiveness of the dynamic

28,
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scales. It should be noted that the number of calculated
violations are exceptionally high when compared to the 8 actual
violations that occurred.

Two scurces which probably were the major cause of this
discrepancy were:

a. The actual legal load limits of 20 Kips on single axles
and 34 Kips on tandem axles was used in this analysis. In
actual practice, however, tolerances of up to 5% are allowed
on the static weights before the l1oad is considered to be in
violation, |

b. It was noted particulariy in Figure A3 that the distribu-
tion of axles by load was a bimodal distribuytion, and the dis-
tribution of residuals in the 15 to 20 Kip range were negatively
skewed. This analysis was based on a normal curve distribution
and no correction was made to correct for this skew.

It appears that, using the four dynamic scale-pairs recommended
in this section, approximately 50 percent of the 1068 vehicles
actually weiahed on this 'typical' day would have been allowed

to bypass static weighing with negligibie probahility of having

a weight violation. This assumption is based on the type of

each violation recorded for this 'Typical' day and the proportion
of vehicles stopped for static weighing to the number of vehicles
found in violation of the vehicle weight code.

29
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#0017 TRUCK "NUMBER
AXLE WEIGHT - A ,
X100# 109 ° . AXLE SPACING (FEET)
14 - "
152 .
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29
152
04
163 |
G= 740  GROSS WEIGHT X100#
L= 051 .  TOTAL LENGTH (FEET)
V= NONE VIOLATION
(ie} NONE " NO VIOLATION
AXLE 2 AXLE 2 VIOLATION
G 2-3 AXLE GROUP 1 & 2 VIOLATION

GROSS TOTAL VEHICLE WEIGHT VIOLATION
ABORT TRUCK ABORTED COULD NOT READ

“TELETYPE PRINTER QUTPUT

FIGURE 7
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Figure 10

COMPLETE SCALE INSTALLATION WITH
DIRECTIONAL SIGNALS AND STATIC
SCALE HOUSE IN THE BACKGROUND
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Figure 11

'DYNAMIC SCALES
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Figure 12

STRAIN GAGE LOAD CELL PLATE WITH
SEALED ELECTRICAL CONNECTIONS IN
THE CENTER. NOTE TUBING TO EACH
CELL FOR NITROGEN MOISTURE SYSTEW
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Figure 13

MAIN NITROGEN MANIFOLD
FEEDING EACH SCALE
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Figure 15

. . FINISHED SCALE PLATFORMS
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Figure 16

DYNAMIC WEIGHING COMPUTER CONTROL
SHOWING TELETYPE PRINTER AT RIGHT
AND MULTIPLEXER, TAPE DRIVE, COMPUTER
AND SCALE POWER SUPPLIES AT LEFT
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Figure 17

SCALEMASTER CONTROL BOX WITH MANUAL
DIRECTIONAL SIGNAL SELECTION AND
VIOLATION INDICATORS
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NO. SCALES»SCALE NUMBERS?S 1 2 3 4 & é

RO o, F04BE~2

XRaRk = 12.4848

SYX = L\ S9RREAE-1
CRITICAL 20 KIF VALUESS
FROE SCALE
F.100 = 18,13
FL050 = 17.71

F.010 = 16,97

005 = 16.463

F,001 = 16.03

FOR P.100%

ACTUAL

LEGAL  VUIOL. -

402 0

_ 27 0

: 429 0

FOR F.0%503

ACTUAL

LEGAL  VIOL,

389 0

40 0

429 0

FOR P.0O10¢

ACTUAL )
LEGAL ~ VIOL, /
. .. 349 0.
R - T SO
429" o

FOR FP.005

o ACTUAL
LEGAL  VIOL.
329 0
100 0
429 .0

FOR F.001¢

ACTUAL

LEGAL VIODL.
308 0
121 0
429 0

ClibPD www . fastio.com

FASS
STOF
TOTAL

FASS
STOF
TOTAL

FASS

. STOF
- TOTAL

FAGSS
STOF
TOTAL

- PASS
_gTOFP
TOTAL:

Bl
88X
MSE

i#

i #

“ 11 1364E-2
7004 ¢ 69
BH0776E-2

MEAN KIFS

18,4462

18.0103
17.1915
16.89213
1652709

402
o

429

389

429

349

429

329 .

1060
429

121

429

CALCULATED
LEGAL  VIOL.

399.%9 241
19.7 743
419.6 2?4

CALCULATED
LEGAL  VIOL.

387.9 1.1
317 8.3
412.4 T4

CALCULATED
LEGAL VIOL.

348.8 .2
70.8 9.2

C419.6 ?.4

CALCULATELD
LEGAL VIOL.

328,99 «1
P20.4 P4
419. 46 P4

CALCULATED

LEGAL VIOL.

308

308.0 0
111.6 2.4
419,46 9.4
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N . SCALESySCALE NUMBERS?S

RO
XBa
8YX
)

CRI
RO
Fel
.0
Fa.0
FeQ
FeQ

FOR

FOR

FOR

FOR

FOR

www . fastio.com

= - 37551362
= L, 590901E~1
TICAL 20 KIF VA
K SCALE
00 = 18,2
50 = 17.78
10 = 16,98
05 = 16.69
01 = 16,09

F.o1003
ACTUAL . ©
LEGAL vIoLy
404 0
25 0
429 0
F.0503
ACTUAL
LEBAL  VIOL.
390 0
39 0
429 0
F.0103
ACTUAL
LEGAL  VIOL.
353 0
76 0
429 0
F 0053
ACTUAL
LEGAL * VIOL.
331 0
98 0
429 0
P.0013 -
ACTUAL
LEGAL  VIOL.
308 0
121 0
429 0

LUESS

FASS
STOF
TOTAL

FASSH
STOF
TOTAL

FAagSs

STOP
TOTAL

FASS
STOP

TOTAL

PASS
STOP
TOTAL

é

2345
Bl = ~-,53839E-3
SSX = 7130.17
MSE = .349164E-2
MEAN KIPS
18,4501
18,0202
17,2019
16,9054
16,2923
CALCULATED
LEGAL  VIOL.
404  401.8 2.2
2% 17.3 7.7
429  419.1 ?.9
CALCULATED
LEGAL VIDL.
390 388.8 1.2
39 30.3 8.7
429  419.1 P9
CALCULATED
LEGAL VIOL.
353 352.7 3
76 6.3 9.7
429  419.1 P9
CALCULATER
LEGAL  VIOL.
331 330.9 'l
98 . 88.2 9.8
429  419.1 9.9
CALCULATED
LEGAL  VIOL.
308  308.0 0
121 131.1 9.9
429 419.1 9.9
53
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NO. SCALESySCALE NUMBERST4 2

BO = -, 123508E~1
XKBAR = 12,4036

BYX = (46R24281E-1
CRITICAL 20 KIF VALUES?
FROR © BCALE

Fe100 = 17,99

F.050 = 1754

F.010 = 16,69
FL005 = 16.39
Fa001 = 160 75

FOR. B2 1003 -

o YLEGAL S VIOLY

LR -
R L R

LR > :
T A R R S L
T o T ARTUAL ¢

- 398 0

31 0.

429 0

FOR F.050¢

ACTUAL

LEGAL  VIOL,
387 0.

42 0

429 0

FOR F.01601%

aCTUAL

LEGAL VIOL.
348 0
81 0 .

429 0

-FOR F.00512

ACTUAL
LEGAL  VIOL,

328

429

FOR F.001%

0
101 0
0

ACTUAL .
LEGAL VIOL.
302 0
127 0
0

429

wyw . fastio.com

FASS
STOF
TOTAL

FASS.

STOF
TOTAL

PASS
GTOR
TOTAL.

FASS

STOF
TOTAL

FASS

STOF
TOTAL

346

Bl
88X
M8

=+ 42341 4E-3
46987 .48
+AQYT27E-2

#no#

MEAN KIFS

18,3545
17.8939
1?}0305
L&.7124

CLe, 0854

. CALCULATED

LEGAL " VIOL.

398 3946.2 1.8

31 - 21.3 . 9,7

429  417.4 11.6
CALCULATED

LEGAL VIOL.

387 . 385.9. 1.1

42 1.5 0 10.5

429  417.4 il.6
CALCULATED

LEGAL VIOL.

348 . F47.8 .2
81 69.6 - 11.4
429 A17.4 11.6
CALCULATED

LEGAL VIOL.

FPB BRT.9 . ol

101 89.5 . 11.5

429 417.4 11.6
CALCULATED

LEGAL “VIOL.

302  302.0 .0

127 . 115.4 11.6é

429  417.4  11.6
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N0+ SCALESySCALE NUMBERS?S 2 4 &

FASS
STOP
TOTAL

FASS
STOF
TOTAL.

FASS
STOP
TOTAL

FASS
STOF
TOTAL

FASS
STOF

BO  m 25022 7E-3
XRBAR = 12,5509
SYX = ,674637E-1
CRITICAL 20 KIF VALUESS
FROE SCALE
FelOO = 18,12
F o050 = 17,63
F'oOlO i ?607]
Fa005 == 16438
B 001 = 15,69 -
FOR F,100%
ACTUAL
LEGAL  VIOL.
394 0
35 0
429 0
]
FOR F.OS0%
ACTUAL
LEGAL VIOL.
A7 0
54 0
AZY 0
FOR F.0103
ACTUAL
LEGAL VIOL.
337 0
9 0
429 0
FOR F.00%5¢
ACTUAL
LEGAL VIOL.
318 0
111 0
4729 0
FOR F.O0L1¢
ACTUAL
LEGAL VIOL.
2o 0
136 0
429 0

nvw L fastio.com

TOTAL

Rl = =,2%2121E~3
88X = 7187.2
MSE = ,455135E~2
MEAN KIFS
18.249
16.823
16.4894 .
15,792
CALCULATED
LEGAL  VIOL.
394 3915 2.5
3% 24,9 10.1
429 416.,3 12,7
CALOCULATED
LEGAL  VIDL.
X7% Z73.9 1.1
w4 42,5 115
429 41643 12,7
CALCULATED
LEBAL VIOL.
337 334.8 o3
92 79,5 12,5
429 4146.3 12,7
CALCULATED
LEGAL VIOL.
318 317.9 o1
429 4146.3 12,7
CALCULATED
LEGAL  VioL,
293 ROX0 Ny
136 123, 4 12,6
429 416.3 12.7
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FASS
sTOP
TOTAL.

FASS
sSTOP

" TOTAL

FAOBS -

STOF
TOTAL

FASS
STOP
TOTAL

FAGS
STOP
TOTAL

BO = L L&199HE-
XRAR = 12,8241
GYX = 7671 1E-L
CRITICAL 20 KIF VALUESS
FROR SCALE
FL.100 = 18.36
FoO50 = 17.8 -
F.010 = 16.75
FL005 = “16:37
Fao01 = 15.58
FOR FJ1003
ACTUAL
LEGAL VIOL..
387 0
42 0
429 0 .
FOR F. 0503
ACTUAL,
LEGAL VIOL.,
367 0
62 0
429 0
FOR P.OL03
ACTUAL i
LEGAL VIOL.
390 0
107 0. .
429 0
FOR F.0052
CADTUAL
LEGAL VIOL. '©
308 0
121 0
429 0
FOR F.00%13
ALTUAL
LEGAL VIOL.
287 0
142 -0
any 0

NO. SCALES,SCALE NUMBERS?Z 2 &

Bl = ,266508E-4
SGX = 7488.69
MSE = SBBAS9E-2
MEAN KIFS

18,0586

175081 .

16.4737
16,1021

LEL 3054,

CALCULATED

LEGAL

387 384,30 2
2 30.6 1
429 414.9 14

VIOL .

7
+ 4
o1

CAlL.CULATED

.EGAL.

367 365.7 1
20 49,3 12
429  A414.9 © 14

VIOL .

o3
7
o1

CALCULATED

LEGAL VIOL.

322 321.8 2
167 93.1 13.9
429 414.9 1441
CALCULATEX

LEGAL VIOL.

308 30749 + 1
121 107.0 14.0
429 414.9 14.1
CaLCULATED

LEGAL VIOL..

287 287.0
142 1280 14

429 414,914
56

0
+0
+1
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NO . SCALES,SCALE NUMRERSTS 1 2 3 4 8 6

1o @ =1, 14303
XBAR = 25,9463
HYX = 1.0B706

CRITICAL 34 KIP UﬁLUESt‘

FRORB SCalLE
PalQ = 324467
Fe0%B0 = 32.26
FeQGlO = 31.4%9
F+008 = 31.2
F.001 = 30,62

FOR F.100%

ALTUAL
L.EGAL  VIDL.

140 0
yen é
é

o)

165

FOR F.05012

ACTUAL
LEGAL  VIOL.
130 0
35 é
145 é

FOR P.0103

ACTUAL
LEGAL VIDL.

112 i+
53 &
165 &

FOR F.0053

ACTUAL

LEGAL  VIOL.-
i X
w4 6
165 6

FOR P,OOLE

abTUAL ~
LEGAL VIOL.
105 0
60 é
165 4

www . fastio.com

FASS
STOP
TOTAL

FASS
STOF
TOTAL

-FASS

STOP

TOTAL

Fass

- STOF
TOTAL

FAsSS
5TOF
TOTAL.

Bl = L373168E-1

85X = 10603.7
MSE = 1.,18149

MEAN KIFS

57

32,5939
2.1992
31,4579
31,1787
30,6204
CALOULATED
LEGAL VIOL.
140  138.,9 1.1
31 19,7  11.3
171 158.6  12.4
CALCULATED
LEGAL  VIOL.
130 129.6 .4
41 9.0 12,0
171 158.6 12,4
CALCULATED
LEGAL ViIOL.
112 112.0 .0
50 46,6  12.4
171 158.6  12.4
CALCULATED
LEBAL VIOL.
111 131.0 .0
60 | 47.6 12,4
171 . 15874 12,4
CALCULATED
LEGAL VIO0L.
105  105.0 )
66 53,4 12,4
171 158.6  12.4
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RO = "1005
XBAR = 25,864
BYX = ¢0u?

CRITICAL 34
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CalLE

758
A!I

l';

KIF valuESs?:

FROR SCALE
FalQO = 30,59
. 050 = 32,18
F.0L0 = 31,44
PoOOE i 31016
F.001 = 0.6
FOR F.100¢
ACTUAL
LEGAL  VIOL,
141 0
24 &
165 &
FOR F.0508
ACTUAL
LEGAL  VIOL,
131 0
34 &
165 3
FOR F.010%
ACTUAL
LEGAL  VIOL.
116 0
49 4
165 P
FOR F.00S¢
ACTUAL
LEGAL VIOL.
111 0
54 & ;”
165 &
FOR F.00Lt
ACTUAL
LEGAL VIOL.
106 0
59 6
165 &

- TOTAL 171

NUMHFhv?w'Q's 45 6

Bl = ,30879E-1
SSX = 104767
MSE = 1,11837
MEAN KIFS
32,6315
32,2439
31,5267
31,2554
30,7127
; CALCULATED
LEGAL VIOL.
FASS 141  139.9 1.1
STOF 30 18.6 . 11.4
TOTAL 171  158.5 2.5
CALCULATED
LEGAL VIOL.
FASS 131  130.6 .4
STOF.,..40 27,9 - 12.1
TOTAL 171 158.5  12.5
CALCULATED
LEGAL VIOL.
FASS 116  115.9 1
STOF 55 42.5  12.5
TOTAL 171 158.5  12.5
CALCULATED
LEGAL VIOL.
CFASS 111 7 11,0 .0
BTOR, 40 478507 12,5
CTOTAL 171 15805 12,5
CALCULATED
LEGAL VIOL.
FASS 106  106.0 .0
STOF &5 2.5 2.5
158&5 1hod

58
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ND. SCALES»SCALE NUMBERS?4 2 3 4 4

FASSY

STOF

TOTAL

FASS
STOP
TOTAL

Fass
STOP

TOTAL

FASS
STOF
TOTAL

FASS
STOF

El

» JOPIHTE~1

88X = 102646.5

MSE

= 1.10983

MEAN KIPS

32,6372

BO  m -, 993917
XEAR = 25,6645
GYX = 1.05349
CRITICAL 34 KIF VALUES?S
FROR SCALE
Fo100 = 32,30
FL050 = 31.93
F.0L0 = 31,19
F:'#O()f.:i = 30092
FL001L = 30,37
FOR F. 1008

ACTUAL
LEGAL VIOL.
141 0
24 &
165 é
FOR F,0508
ACTUAL
LEGAL VIOL.
133 0
32 &
165 &
FOR F.010¢
ACTUAL
LEGAL VIOL.
115 0
50 &
165 b
CEOR FL 005
acTUAL
LEGAL VIOL.
10% O
56 6
165 6
FOR F.001¢
ACTUAL.
LEGAL VIO,
106 0
56 &
165 &

nvw L fastio.com

TOTAL

32,2553
31,5308
3142665
30.728°
CALCULATED
LEGAL VIOL,
141 140.0 1.0
T30 19:1 10,9
171 15941 11,9
CALCULATED
LEGAL VIOL,
133 132.5 o5
38 6.6 11.4
171 15%9.1 0 11.9
CALCULATED
LEGAL  VIOL.
115 114.9 ol
56 0 44,2 11.8
A71 0 159.1 0 11.9
CALCULATEID
LEGAL  VIOL.
109 109.0 +0
62 50.1 11.9
171 15%9.1  11.9
CALCULATED
LEGAL  VIOL.
106 106.0 +0
&5 531 11.9
171 159.1 11,9
59
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NO. SCALES»SCALE NUMEERS?TZ 2 4 &

BO = ~.989586 00 . Rl = .265321E-1

XBAR = 25,8165 88X = 10351.5

8YX = 1.,13869 MSE = 1,2944]

CRITICAL 34 KIF VALUESS

FROE SCALE MEAN KIFS

Fo100 = 2,4 32,5299

By 050 = 31,97 32,1113

Fa010 = 31,17 313326

F.005 = 30,88 31,0503

F'oOOl = 30+28 3004662

FOR F.100%
acTuaL . . CALCULATED

LEGAL. - VIOL. LEGAL VIOL.
e - on “ 7

142 ) FASS 142  140.8 1.2
23 p STOF 29 17.2  il1.8
165 & TOTAL 171  158.0 13.0

FOR F,050%

AL TUAL P " CALCULATED

LEGAL  VIOL. LEGAL VIOL.
133 0 . FASS 133 132.4 b
32 & . STOF 38  25.6  12.4
145 6 TOTAL 171 158.,0 13,0

FOR F.010%

ACTUAL B CALCULATED
LEGAL VIOL, LEGAL VIOL.
112 0 . FASS 412  112,0 'O
53 &  STOF .59 - -46.0 - 13.0
165 & TOTAL 171  158.0 ~ 13.0
FOR F. 005 -
ACTUAL L " CALCULATED
LEGAL VIOL. LEGAL  VIOL.
108 0. . PASS 108  108.0 .0
57 - 6. STOF 63 50.0 13.0
165 "6 TOTAL 171  158.0 13.0

FOR F.0013

CacTUAL CALCULATED
LEGAL: VIOL. LEGAL VIOL.
102 . 0 FASS 102 102.0 .0
63 & STOF 49 56,0 13,0
165 &  TOTAL 171 158.0  13.0

60
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NO . SC&LEQySCﬂLE NUMBERS?2 2 &

BQ w1, 38714
XBAR = 246,424
8YX = 1,20738

CRITICAL 34 KIF VALUES:

FRORE SCALE
Fol00 = 33.18
F e OHO = "32.7
FaQl o 31.82
Fa QOF a 31.5

PaQ01 = 30.84

FOR F.100%

ACTUAL
LEGAL  VIOL.
14l 0
24 6
163 ]

FOR F.0508

ACTUAL
LEGAL  VIOL.
126 0
39 &
165 é

FOR F.010%

ACTUAL
LEGAL  VIOL.
X 0
54 6.

' 6

165

FOR-F 0058

ACTUAL :
LEGAL  VIOL.
107 N ¢
98 &
165 &

FOR F.001¢

ACTUAL

LEGAL VIO,
99 0
664 &
165 6

nvw L fastio.com

FASS
5TOF

TOTAL

FASS
STOF
TOTAL

FASS
STOF.

L TOTAL

FASS
STOF
TGTAL

FASS
STOR
TOTAL

Rl
85X
M8E

it

H#

+639636E~1
11164.9
1.45778

MEAN KIFS

32,4448
31.9955
31.1718
30.8723
30,2545

141
30
171

126
4%
171

111

171

Lo7
171

P9
72

171

CALCULATED
LEGAL  VIQOL.

139.5 1.5
17.2 12.8
156.8 14.2

CALCULATED
LEGAL  VIOL.

125.6 «4
31.2 13.8
156.8 14,2

CALOULATED
LEGAL.  VIOL.

110.9 el
45 .48 14.2
1546.8 14,2

Cal.CULATED
LEGAL  VioL.

107.0 .0
49,8 14,2
156.8  14.2

CALCULATED
LEGAL VIO,

?9.0 +0
978 14,2
1546.8 14,2

61
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FOR F. 186

ACTUAL
LEGAL. “IOL.

115 @
42 =

157 5
FOR . 958:

ACTUAL
LEGAL VIOl

162 @
55 05
157 5
FOR F. B16:

U ACTUAL
LEGAL VIOL.

a2 (53

. =] =

asE 5
FOR P. 085

ACTUAL
LEGAL  vIal

- T -

x4

187 5

FOR F. BB1: -
ACTUAL
LEGAL ~ WIOL,
73 a
g4 =
157 5

7o =

FOR S5CALES 1 2 2 4 5 &

FRSS
STOP
TOTHL

PRSS
STOP
TOTAL

" PASS
STOP
TOTAL

. PASS

T STOP

TOTAL

PARSS
STOP
TOTAL

62

Ul

Lo

115
47
p R

182
&@
162

ez
au
12

P

1&2

3
82
162

CRLCLLATED
LEGAL VIO,
11X 7 1.2

s - 11, 4
143 = 12. 7

CAHLCULATED
PEGAL wWIGL.
164, 2 a s

47 2 31201
149 32 12 F
- CALCULRTED
LEGAL VIO,

g1. 3 &@ 1

B7. 4 125
143 = 12. 7

CRALCULRTED
LEGAL  “IQGL.

Fe.e  B.a

i 4 12 &
142 = 12. 7

CALCUL.ATED
LEGAL wIQOL

T= 8 a a

TE, £ 12. 7
149, =2 12. 7
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FOR SCARILES 2 2 4 5 & &

FOR P. 108

ACTUAL.
LEGARL WIOL.

I+
0
&

FOR F. 856 :

. ACTUAL
"LEGAL  VIOL.

Y
54
- . 615?-: +

FOR P ai@a:

ACTUAL
LEGRL %IadL.

25 &
2 5
157 S

FOR P. B25:

ACTUAL
LEGAL %IOL.

78
e
157

oo

FUR P. 681

ACTUAL
LEGARL “IOL.

e
a4
157

gue

nvw L fastio.com

Hn o

PASS

STOP
TOTAL

FASS
STOR
TATAL

PASS
STaP
TOTHL

FRSS
STOP

TOTAL

PARSS
STOP
TOTAL

63

1@z,

ne
Lez

v .

[
a9
le2

CALCULATED
CLEGAL  wIOL
117, 4 1. &
L8 12 6
148 4 1% &

CALCULARTEL

LEGAL.  WIOL.
182 4 B
4 H 1z 4w
148 4 12 &
CRLCULATED
LEGAL IOl
24, 2 a1
53 5 1= 3
143 4 12 &
CALCULATED
LEGRL  VIOL,
TE. a @ @
P 1= &
142. 4 12 &

CALCULRTELD

LEGAL Il
FI B & e
4 1308

142 4 1Z2. 8
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FOR SCALES 2 3°¢4 & &

FOR P. 196

 ACTUAL
© LEGAL  WVIOL.
ous @  FASS
B = 5 el
157 2 TaTAL
' FOR F. 85@:
ACTUARL
LEGAL - VIOL. B
J.Q-'l»i*‘ ts_'f"a ;:‘HSS
53 ey STOP
15 S  TOTRl
FOR F. @16:
RCTUAL.
LEGRAL YI0L
8z @ FRSS
74 5 A
FOR F. GO5:
- ACTUAL
LEGAL - vIOL,
| 7 @ FASS
79 5 Fres
57 S  TOTAL
RCTUAL
LEGAL  WIOL.
a. a PRSS
gr 3 STOP
157 S ToTAL

64

115

45

ez

23

)

.
162

va
o2
le2

CALCULATED
LEGRL YwIOL.
114. ? :1. 3

32,8 132
14?. 5 14. 5

CALCULATED
LEGAL  WIOL.

1835 e s
448  14.@
1475 14 S

CALCULATED
LEGHL. VIO,

82. 9 B. 1

64.5 14 5
14?. 5 14_ 5

CALCULATED
LEGAL  wIgL.

78 B _—

62,5 145
147.5 145

CALCULATED

LEGAL VIOL.

?@. B B_ a
77.5 145
147.5 145
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FOR SCALES

FOR P. 166:

24 & &

ACTUAL
WIOL.

LEGHAL.

114
43
157

FOR P. 56 :

ACTLAL
WIOL,

LEGHL

s
oo
157

FOR P. Bl

ACTUARL
WICL.

LEGHL.

=1
7V
157

FOR F. E865:

ACTUAL
VIOl

L LEGAL

77
as

FOR F. BEl:

157 .

a8

=
S

a
5
b

a
b
S

LR

ACTUAL
WIOL.,

LEGRL

(=3
ge
157

vww . fastio.com

FASS
=TOP
TOUTAL

FASS
ETOR

TOTRL

PASS
STOP
TOTAL

FARSS

STOP
TOTAHL

PR
5ToOP
TOTAL

65

114
4o

152

M D
WM

2a
22

182

&5
2z
sz

CALCULATED
LEGAL  VIOL.
112 4 1. &

e ] 15 2
143, 1 1, &

CALCLULATED
LEGAL  %IOL.

27 & a 4

47 5 1E 3
143, 1 1€ 2

CALCULRTED
LEGRL. Il

A= (ZH 8

&5, & 16 B
145 1 1e. =2

CARL.CULATED
LEGAL “IOL.

S Fr. 8 A a

= po
143 14 18 2

CALCULATED
LEGAL IOl

52, | ag a

é. 1 e 2
1451 - B
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FOR SCALES 2 & &

FOR P. 1886:

. ACTUAL
LEGAL  WIOL.

1me
49
157

hu®

FOR F. 858;

RCTUAL
LEGAHL  wWIOL.
-

157

e

FOR F. @18

ACTUAL.
LEGAL  vIOL.

i
(55
157

o am

FOR F. 885 :

ACTUAL -
LEGAL vIOL.

i 5
84 L TS
157 =

FOR F. @&l

ACTUAL,
LEGAL VIOL

=1 -
91 . 5
15¥ S

PASS 108
STOP  S4

TOTAL 1&62

FPAZS 29
STOP 7=
TOTAL. 152
FRASS 7&
STOP 86

TOTAL 1a2

FASS 73

STOP &9
TOTAL 162
PASS &g
STOFP 3¢
TOTAL 1&e2

66

CALCULATED
LEGAL WIOL.
16E. & 1. 2
377 15 3
144.5 17 5
CALCULATED
LEGRL WIOL
88, & 8. 4
55.8 17 @
144. 5 17 S
CALCULATEL
LEGAL %IGL.
7E. © G @
2.5 17 5
144. 5 17 5
" CALCULATED
LEGAL  WIOL.
7 4 6. @
715 17§
144.5 17 5
CALCULATED
LEGRL WIOL
EE. B @ o
7B S 17 5
144.5 175
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FOR SCALES 1L 2 2 4 5 & &

FOR P.

PRSS
STOP
TOTAL

FOR F.

FRSS
=TOR
TOTARL

FOR P.

FRSS
sSToF
TOTAL

FOR P,

PRSS
STOR
TOTAL

FOR F.

PH2S
STOF
TOTRL

ClihPDF - www .fastio.com

16a:

1z2va
142
2824

854
i8z2

sz
2828

@1e:
17325

285
28248

%1%
17a4

1S
2828

€81

1e28

292

2028

CALCULATEDR
LEGAL WIONL,
1871. & 6 2
185. 2 36 €
1876. 9 43 1
CRLCULATED
LEGAL WIOL.
1834, 5 25
142 4 29 &
1976. 8 43 1
CALCULRTED
LEGARL “IOL.
1724, 5 a5
242. 4 42 6
1878, 9 42 1
CALCULRTED
LEGAL  NMIOL.
1703Z. & & 2
2731 42 @
1976. 8 4% 1
CALCULATED
LEGAL  WIOL.
1628 6 ° & &
248. 9 431
1976. 9 43 1

67
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T FOR SCRLES 2 2 45 & g

FIEORTED

129
FOR P, 166
CALCULATED
LEGAL ~IOL,
FPASE 1884 1877 . ¢ & 4
STOP 138 ag. 8 372
TAOTAL 2628 1976 . 4 43 &
FOR F. a5a
CALCULATED
LEGAL ~IOL.
FASS 1226 183z @ = @
STOFP 4184 143 4 40, &
TOTAL. 2828 1976 4 43 6
FOR F. @16
3
CALCULATED
LEGAL IOl
PRSS 1731 1736 & G, 4
STOP 282 2458 42 2
TOTAL 2828 1976 4 4% &
FOR P. GBS :
. CALCULATED
LEGAL  WIOL.
PRSS 17a4  17@Z 8 a8 2
STOF 316 2726 47 4 .
TOTAL 2628 1975 . 4 43 &
' CALEULATED
e v LEGAL  WIOL,
‘. - P & }
PASS 1638 15326 @ 6
STOFP 382 3385 43 5 .
TOTAL 2028 1576.4 43 &
68
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CSTOP

FOR SCALES 2

FOR F. 166

PRSS 1878
STOP 142
TOTAL 2026

FOR P. 859

PHZS 1838

STOP 196
TOTAL 282a

FOR P. 816:

PRSS 1724

STOP 288
TOTAL 282a

FOR P @a5:

FASS 1625
STOF =224
TATAL 2828

FOR P. @81, :
PASS 1626

Al
TOTAL 282za

T 4865
CALCULATED
LEGAL VIOL.
1871. 7 6. 2
1832 3 38 7
1975. 8 45 @
CALCULATED
LEGAL  %I0L.
1827. @ 9
147. 2 421
1975. 8 45 @
CRLCULATED
LEGAL VIOL.
1723 & a. 4
251. 4 44 8
1975.6 45 @
CALCULATED
LEGAL WIOL.
1695. 8 8.2
272 2 da.8
1975. 8 458
.CALCULATED
LEGAL. WVIOL.
1626 &, @.@
349.08° 45.@
1975.8 45 9
69
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- TOTAL

FOR P.1a8:

FRSS 18VE
STOF 144
TOTAL 2026

FOR P. 58

FASS 16816

STOF 216
TOTAL 2624

FOR P. 818

FAZS 1714

STOR ZEZ6e
e

FOR F. @@5;

PASS 1686

sSTOR
TOTAL

s T
ZBZE

FOR F. @@

FPASS 1663
STOF 418

TOTAL 2626

486
CHLCULATED
LEGAL “IOL
1868 3 7.
N
1376, 1 <4
CALCUL ATED
LEGAL  WIOL
1567, 1 z
163 1 48,
1978 1 49
CRLCULATED
CLEGAL  MIOL
1743 5 .
256 7 43,
1270, 1 43,
CALCULATED
LEGAL ~IOL
1673, T &,
29@. 4 49,
1976, 1 49
CALCULATED
LEGRE: vT0L
1682, @ a.
6@ T 49,
1278, 1 49

70
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FIOR SIZALES

FOR P

FPASS
STOF
TOTAL

FASS
- STOR
TOTAL

FOR P

PARSS
STRE
TOTHL

FOR F.

FARZS
STOF
TOTHL,

FOR P

FASS
STOF
TOTAL

1851
163
cheE

&
a1
D

J P
2 R

G1m

1e28
i
20zZa

1&47

3I7E
2826

15155 W

1571

443
2aze

1
B b~

285 12&
CHLCULATELD

LEGAL. wIOL.

18435 1 r.2
124. & 47, 2
18, 2 bt

CHLCUHLATED

LEGRL  YIOL

ATES. & z. 4

181, %  S1.7

1964, 3 S5 1
CALCULATED

LEGAL  WIOL.

P A=Y 5
285, 4 54 &
194, 3 S5 4
CARALCULARTED
LEGAL “IOL.
1ede. 8 5
12 2 54 &
1964, 2 55,1
CALCULRTEDR
LEGARL  “IOL.
1571 @ G, o
254, 4 bl I i
1959, 2 o5 1

71
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